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Abstract

The requirements in modedling and smulation are driven by two fundamenta changesin the nuclear
wegpons landscape: (1) The Comprehensive Test Ban Treaty and (2) The Stockpile Life Extenson
Program which extends wegpon lifetimes wel beyond their origindly anticipated fidd lifetimes. The
move from confidence based on nuclear testing to confidence based on predictive smulation forcesa
profound change in the performance asked of codes. The scope of this document is to improve the
confidence in the computationd results by demonstration and documentation of the predictive capability
of eectrica circuit codes and the underlying conceptud, mathematica and numerica models as applied
to a specific stockpile driver. This document describes the High Performance Electrical Modeling and
Smulation software norma environment Verification and Vdidation Plan.
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Introduction

Accderated Strategic Computer Initiative (ASCI) application codes are key componentsin reaching the
2010 Stockpile Stewardship and Management Program objectives at an affordable cost and without
nuclear testing. The High Performance Electrical Modding and Smulation (HPEMS) ASCI project will
develop the high performance software gpplications needed for characterizing and evauating wespon
electrica systems as computing replaces underground nuclear testing (UGT). It isaformidable chalenge
to replace the empirica factors and adjustable parameters used in current calculations with predictive
physica models. This chalenge will produce large, complex applications that will drive the scale of

computing machinery.

The requirements in modding and smulation (M& S) are driven by two fundamenta changesin the
nuclear weapons landscape: (1) The Comprehensive Test Ban Treety and (2) The Stockpile Life
Extension Program (SLEP) which extends wegpon lifetimes well beyond their originaly anticipated field
lifetimes. The move from confidence based on nuclear testing to confidence based on predictive
smulation forces a profound change in the questions asked of codes.

Scope

Ensuring the correctness and reliability of ASCI codes must be an essential god if Smulation isto be
useful and acceptable. As smulation codes become more complex, however, it will become increasingly
difficult to verify that the smulation results accurately reflect correct physica phenomenon. In addition,
as the software projectsincrease in size, it will become critical to employ the latest techniquesin
software engineering to produce accurate, riable, and maintainable software.

Due to the increased dependence on computational S mulations when making stockpile judgments, the
uncertainties associated with these cal culations will need to be reduced. These uncertainties arise from
many sources such as errors in coding, inadequate approximations, physical processes not represented
in the code, and user errors. The scope of this document is to improve the confidence in the
computationa results by demondiration and documentation of the predictive capability of eectrica
circuit codes and the underlying conceptud, mathematica and numerical models as applied to a specific
stockpile driver.

ThisHPEMS project is developing two classes of dectrical smulation codes. The circuit codes, Xyce
and ChileSPICE, smulate eectronic circuits containing andog active and passve devices. The device
code, Devi, amulates analog active devices at the semiconductor junction level. Devi isalong-term
effort and is not addressed in this plan. An HPEMSS project god isto couple the circuit and device
codes aswell as other ASCI codes that will predict environmental effects. The scope of thisV&V plan
is gpplicable to verification and vaidation efforts associated with the Xyce circuit code. Thisplanisaso
applicable to the ChileSPICE circuit code.



The Stockpile-to-Target-Sequence (STS) under normal environments for components of weapon
systemns includes the performance of al weapon components, except the Nuclear Explosives package
(NEP), in the intended use of awegpon. This environment includes the storage and transportation of
the wegpon system. Vaidated modeling and simulation capabilities are required for design and
certification of re-entry vehicles under norma environments. Reduced testing cgpability for experimenta
determination of normd environment effects on the wegpon necessitates much higher fidelity models.
Massvely pardld implementation of modeing and Smulation capabilitiesis required to meet the
expectations for memory and CPU usage of these larger models.

The overarching stockpile driver for the HPEMSS project is to smulate the entire electrica portion of a
wegpon system in dl the environments the weapon can encounter. This driver istoo large to attempt at
thistime. The dectric circuit codes and modds required to achieve smulation of awegpon system in
the normal, hostile and abnorma environments are not yet fully developed. Therefore, the HPEMS
project will address smaler pieces of the overarching stockpile driver and therefore have a separate
V&V plan for each of these pieces.

V&V Planning Process

This plan will follow the “ Guiddines for Sandia ASCI Verification and Vdidation Plans’ document,
verson 2.0. [Filch] The main content areas are (1) stockpile requirements; (2) key phenomenato be
modeled by the code as identified in the PIRT (Phenomena I dentification Ranking and Table); (3)
software qudity engineering (SQE); (4) verification test plan; and (5) code vdidation test plan. Figure 1
displays the process flow map for the HPEMS V&V Process and the associated inputs.
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FIGURE 1- V&V PLANNING PROCESS FLOW

The V&V planning process begins with the identification of a stockpile driver. Theidentification of the
stockpile driver occurs by reviewing the Globa Stockpile Driver list and through coordination with
Defense Program (DP) customers and by identification, examination and prioritizetion of externa drivers
such as the SLEP and the Albuquerque Workload Planning Guidance (AWLPG 99-0). |Identification
of the stockpile driver requires a high degree of coordination, teamwork and concurrence between al



gakeholders. The ASCI V&V Guiddines[Pilch] are used in the selection of an appropriate stockpile
driver.

The next step, Step 2 in Figure 1, in the processis the congtruction of the V&V plan specific PIRT.
We have chosen to develop aGloba PIRT to encompass as many of the phenomena associated with
eectrica smulation as possble. As dectrica modeling and smulation matures and the understanding of
the physics associated with eectrical devices is better understood, the Globa PIRT isrevised as part of
the overdl development process.

Step 3 asks the question, “Do we heed to develop new dectrical modding and smulation capability?’
This question isintended to trigger capability development only when needed. A side effect of this
question isto minimize the risk of self-induced bugs in software. If the cgpability does not need to be
modified to perform the modding and smulation needs of a gpecific stockpile driver, then the software
is not modified.

Step 4, Capability Development, occurs only if Step 3 isanswered “Yes'. Step 4 consts of aAl
software development activities associated with aspecific V&V plan. Activitiesinclude al SQE
practices, such as software verification and validation, software engineering, and project management,
requirements capture, code development, and build/release.

Sep 5, Veification, isthe verification of the mode associated with the stockpile driver identified in Step
1. Per the definition in the ASCI V&V Guiddines[Pilch], verification is defined as

Verification — The process of determining that a computationa software implementation
correctly represents amodel of aphysica process,

and informdly as

Verification — The process of determining that the equations are solved correctly.

Veification activities include development of a stockpile driver based Verification Test Suite (VERTS)
which is derived from aGloba VERTS, development of the verification test plan, verification testing,
assessment of underlying mathematical models, congtruction of gppropriate stockpile driver based
success metrics, and analysis of the results of the verification testing.

Step 6 asks the question, “ Are new experimentd data needed for vaidation activities?” Similar to the
question asked in Step 3, this question is intended to trigger experimenta efforts only when needed. An
evauation of the existing experimenta data is performed during this step to answer the question.

If the answer to Step 6is“Yes’, then Step 7 isinitiated. Step 7 congsts of activities associated with
gathering experimenta vaidation data for a specific stockpile driver. These activities include
development of an experimentd test plan, determining what experiments can actually be performed, and
experimentation.
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Step 8, Vdidation, is the vaidation of the modd associated with the stockpile driver identified in Step 1.
Per the definition in the ASCI V&V Guiddines [Filch], vaidation is defined as

Validation — The process of determining the degree to which a computer modd is an accurate
representation of the real world from the perspective of the intended model applications,

and informdly as
Validation — The process of determining that the equations are correct.

Vdidation activities include many processes. These processes are:
The development of a stockpile driver based Vdidation Test Suite (VALTS) which is derived from
aGlobad VALTS,
The development of the validation test plan and vaidation testing,
The development of stockpile driver based success metrics,
Determination of the dependence of code models on experimentally measured quantities,
Application of uncertainty qualification techniques where gppropriate,
Further experimentd investigation if needed, and
Anaysis of the results of the vaidation testing and stockpile driver based success metrics.

V&V Document Tree

The philosophy of the HPEM'S project is to reduce redundancy and duplication of efforts as much as
possble regarding V&V plans. This philosophy alows efficient utilization of resources and focus on
only what tasks are needed during the V&V process. To reduce redundancy and duplication of effort in
each V&V plan, adocument tree was developed. Figure 2 presents the document tree for thisV&V

plan.

The document tree congsts of three layers. The uppermost layer isthe V&V plan, and this document is
an example of such aplan. The middle layer isthe reference document layer. Documents such asthe
Globd PIRT, Globa VERTS, Globa VALTS, ASCI V&V guidance [Pilch] and SQE guidance
documents [SNL][Hodges-1][Hodges-2] comprise thislayer. The lowest level documents are the
actua project documents associated with the V&V plan. Documents at this level include code-specific
test plans, project management documentation, code and problem specific VERTS and VALTS, and
detailed stockpile computing guidance documents such as code-specific user guides, model data
sources and technica guidance.
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The document tree presented in Figure 2 reduces redundancy and duplication of effort by reuse of
relative documentation. A god of the document tree isto alow rapid congruction of aV&V plan for a
specific stockpile driver. The desire isto reduce the page count of the body of aV&V plan to 10-15
pages. A smilar tree exigts for ChileSPICE.

Stockpile Drivers and DP Customer Requirements

Introduction

In afuture that precludes UGTs and emphasizes reducing codts, it will become increasingly important to
firgt introduce afirm physic understanding of device and circuit effects into the certification equation.
This“up-front” understanding and the new code capabilities that will follow should dramatically reduce
the time and cost to redlize the new eectronic and optical devices required for future weapon upgrades.

The STS under normd environments for components of wegpon systems includes the performance of al
weagpon components, except the NEP, in the intended use of awegpon. This environment includes the
storage and transportation of the weapon system. Vaidated modding and smulation capabilities are
required for design and certification of re-entry vehicles under normal environments. Reduced testing
capability for experimenta determination of norma environment effects on the wespon necessitates
much higher fiddity modds. Massvey pardld implementation of modding and smulation cgpabilitiesis
required to meet the expectations for memory and CPU usage of these larger models.

Stockpile Driver and DP Customer Requirements

The overarching stockpile driver for the HPEMSS project is to smulate the entire lectrica portion of a
wegpon system in dl the environments the weapon can encounter. This driver istoo large to attempt at
thistime. The dectric circuit codes and modds required to achieve smulation of awegpon system in
the normal, hostile and abnorma environments are not yet fully developed. Therefore, the HPEMS
project will address smaler pieces of the overarching stockpile driver and therefore have a separate
V&V plan for each of these pieces. This plan is driven by the need to design and certify the dectrical
system of the W76-1 in the absence of underground nuclear testing and by the FY 01 Normal
Environment ASCI Milepost Cdculation. The W76-1 weapon's arming and fuzing system (AF) isa
responsbility of Sandia Nationa Laboratories (SNL) to both the Department of Energy (DOE) and the
Department of Defense (DoD). These two DP customers require that SN certify eectrica systems for
which we have responsibility for normd, hogtile and abnorma STS environments. We want to develop,
verify and vaidate an eectricd circuit code, named Xyce, which will be used for design margin analyss
inanorma STS environment for the mgjority of the dectricad subsystemsinthe W76-1 AF. The
electrical subsystemsthat will be smulated in the STS environment are the Main Logic Board, Timer
(FPGA) and Radar. Each dectrica subsystem is required to function properly through anorma STS
temperature range environment. Performing this smulation will aid in the phase 6.3 development for the
W76-1. Phase 6.3 isthe Development Engineering Phase when the development portion of the
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refurbishment program is undertaken. We have to achieve thisgod by May 2002 in order to meet our
DP customer’s phase 6.3 flight test deadline.

To reiterate, the sockpile driver for thisV&V plan isthe eectrica circuit code smulationinaSTS
environment of the Main Logic Board, Timer (FPGA) and Radar subsystems contained in the W76-1
AF. The DP customers are SLEP, the weapon system designersin SNL departments 2331 (Power
and Controller Electronics), 2333 (Radar Fuses), 2612 (Firing Set and Optical Engineering) and 2616
(Firing Set, Fuze and Switch Tube) as well as the rdiagbility engineersin SNL department 8418
(Reliability and Electricd Systems). These subsystems are comprised of different types of unique
electricd devices. The M& S requirements for thisV&V plan are derived from the Stockpile Driver
PIRT. Inthe PIRT, we have identified the importance of each dectrica device type with respect to
electricd system performance by environment. The equations and code which modd each of these
environmenta effects must be verified and validated as described in the HPEM S Veification Testing
and Vdidation Plans. The stockpile driver norma STS environment PIRT isin the next section and is
used as areference list for the M& S requirements of thisV&V Plan. Our customer’ s requirement is +/-
20% accuracy for the caculations of these phenomenaif the amulation isto make any substantive
design impact. Our DP customers provided this accuracy requirement in September 2000 during the
planning phase for the dectrica smulation portion of the FY 01 ASCI Milepost cdculation. The +/-
20% accuracy isfor design impact, not wegpon certification. It is anticipated that the accuracy
requirements will increase for future caculations.

Phenomena ldentification and Ranking Table

The Phenomena | dentification and Ranking Table is the methodology by which the essentid physica
phenomena are defined. The PIRT ranks the importance of code activity associated with implementing
the phenomena and provides the basis for gauging associated fidelity requirements. The PIRT isa
logical mapping between stockpile, M& S requirements and prioritized V&V activities,

The PIRT representsin three respects the refined modd requirements that result from stockpile
requirements. Firg, the PIRT identifies a set of needed physica phenomenato which code V&V
requirements directly map. Second, the PIRT prioritizes the relative importance of the needed physica
phenomena to the DP modding and simulation objectives of the code. Third, the PIRT measures the
current and future ability of the code to accurately represent and implement the needed physica
phenomena

Electricad systems are constructed from many independent components. These components are
hierarchicaly grouped into families based on technology, functiondity and usage. Examples of family
classes are tranggtors, resistors and capacitors. Within each class, there is afurther divison into related
components. For example, atrangstor can be categorized into a bipolar junction transistor, ajunction
fidd effect trangstor and ameta oxide semiconductor field effect trangstor. Each component may have
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adifferent response to the same externa environmental stimuli. A BJT (bipolar junction trangstor) reacts
differently in aradiation field when compared to a resstor response in the same radiation fidd. The
Globd PIRT was constructed based on the hierarchy found in e ectronic components.

A three rank scoring system (H, M, L) was used in development of the Global PIRT. The ranking was
performed on a component by component basis. Phenomena were atached to each component and
the modding activities diced through al components. A scoring of high, medium and low was assgned.
The importance of each phenomenon for three different types of modeing activitieswasranked. The
assignment was performed using the consensus of experts in each phenomenon and with inputs from the
DP customers.

The Circuit Code PIRT was extracted from the Globa PIRT to specifically meet the stockpile driver
requirements of thisV&V Plan. Since the Globd PIRT listed radiation environments and device code
mode adequacy, we were able to remove these columns and rows when extracting the stockpile driver
specific PIRT for circuit level smulation in anormd STS environment. Therefore, the effects needed in
this PIRT are thermd excursions, low dose radiation and modd equation functiondity. The PIRT
systematicaly identifies physica phenomenarequired for the modeling and smulation needs of the
stockpile driver. These are the phenomena the code must address, formulate, and implement to succeed
inits sockpile misson. Each of the dectric circuit device modds listed in the PIRT must be
implemented in the code, have its modd equations verified and validated to meet our DP customer’s
requirements for an accuracy of +/-20%. The phenomena and model adequacy are prioritized in the
PIRT.

We dready have large quantities of experimental data for different eectrical devices such astrangstors,
diodes and linear IC’s (Integrated Circuits). These data are located in a database named Sandia Parts
Unified Data Sources (SPUDY) at the following address:

http://mww.sar.sandia.gov/index.html

The exiging datawill aid in the validation of many model types, however we will need to extract moddl
parameters for the unique dectrical devices contained in the W76-1 Main Logic Board, Timer (FPGA)
and Radar subsystems that we are smulating for desgn margin andyss. The following is an example
description of aTier | test example contained in the HPEM S Verification Test Suite. Itisused to
smulate and caculate by hand the exact values that verify, or describe mathematically the behavior of
the diode and the expected smulator output:

Diode Circuit Netlist

ROk R b b b b b b b R b R b R R R R b R b b b b R R R b R R b b b b b b b R R b b b b R b b b b b b b b b b b b b b b b b b b b b b b b b
* Tier No.: 1

* Description:  Simple diode circuit to test the validity of the diode modd.

* Input: 5V DC Source

* Qutput: Diode voltage and current

* Circuit Elements: diode, resstor

* Andyds
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A diodeisforward biased with a5V source. With a 100fA saturation
current, the diode current and voltage are determined by the following
equations.

(D) ld=Igexp(Vd/Vt) - 1]

(2) Vin=ld*R + Vd = IFEXP(Vd/VY)-1]*R + Vd

(3) Vt=k* Tlq

where,

k = Boltzmann's congtant = 1.38* 102 JK

T = temperature in degrees Kelvin = 300

q = dectronic charge= 1.610%° C

Therefore:

Vt=25.86mV, and using

R=2K, Is=100fA, Vin=5V
We subgtitute equation (1) into equation (2) and solve for the diode voltage Vd.
The diode current can be found by solving (2) after Vd isfound.
Results

Vd=0.6158V and 1d=2.19mA

R S N R S R T R R N R R )

VIN 10DC 5V

R1122K

D130DMOD

VMON 230

MODEL DMOD D (IS=100FA)
DCVIN551

PRINT DC I(VMON) V(3)
.OPTION LIST ACCT

END

DIODE SSIMULATION OUTPUT:

Diode Circuit Netlist

DC trandfer characteridtic
Index  voltage sweep vmon_branch  v(3)
VIN ID VD
0 5.000000e+00 2.192078e-03 6.158450e-01

Each of the unique devicesligted in the PIRT below is verified for each of the environment phenomena
listed with smilar test circuits that are contained in the HPEM S Verification Test Suite. Please reference
this document, named VERTS Netlists.doc, for further examples at:
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Table 1 - Phenomena I dentification and Ranking Table

Circuit Code PIRT for War head

Stockpile Drivers

Weapon Electrical System Simulation Importance to Electrical System Performance | Circuit Code
Model
Adequacy

Predict Design Space | Certification
Performance | Exploration

A Bipolar Junction Transistor (BJT)

Functiondity H H L Adequate

Therma Excursions M M L Adequate

Low-Dose Rate Radiation H M L Inadequate

B Junction Field Effect Transistor

(JFET)

Functiondity H H L Adeguate

Therma Excursions M M L Adeguate

Low-Dose Rate Radiation H M L Inadequate

C Metal Oxide Semiconductor Field

Effect Transistor (MOSFET)

Functiondity H H L Adequate

Thermal Excursions M M L Adeguate

Low-Dose Rate Radiation H M L Inadequate

D Diode

Functiondity H H L Adequate

Therma Excursions M M L Adequate

Low-Dose Rate Radiation H M L Inadequate

E Zener Diode

Functiondity H H L Adequate

Thermal Excursions M M L Adeguate

Low-Dose Rate Radiation H M L Inadequate

F Resistor

Functiondity H H L Adequate

Therma Excursions M M L Adequate

Low-Dose Rate Radiation H M L Inadequate

G Capacitor

Functiondity H H L Adequate

Thermal Excursions M M L Adeguate

Low-Dose Rate Radiation H M L Inadequate

H Inductor

Functiondity H H L Adequate

Therma Excursions M M L Adequate
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Circuit Code PIRT for Warhead

Stockpile Drivers

Low-Dose Rate Radiation H M Inadequate
Integrated Circuit Boards
Board Parasitic Effects H H Inadequate
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Software Quality Engineering

Software qudity engineering practices are required to achieve confidence in results generated with
computer codes. The software must be designed so that results are defensible, traceable, and
reproducible. Design activities must include repeatable methods for trandating requirements information
and models (scientific and software) into representations that convey software data structure,
architecture, dgorithms, and interface features.

Software Quality Engineering (SQE) is an important contributor to establishing the confidence in the calculations
associated with the stockpile driver described previously. Guidance for SQE activitiesis provided in the ASCI and
SandiaNational Laboratories SQE documents [SNL] [Hodges-1] [Hodges-2] documents. The following table lists the
SQE documents that HPEM S has developed, many of which are referenced in the HPEMS V&V Document Tree. The
same SQE documents also apply to ChileSPICE.

Table 2 - SQE Documents Referenced in the HPEM SV &V Document Tree

SQE Documents

Document Name Draft Copy Exists Final Copy/SAND Report Exists
HPEMS Project Plan Y N
Xyce Project Plan Y N
Xyce Configuration Y N
Management Plan

Xyce Code Requirements Y N
Management Plan

Xyce Code Test Plan Y N
Xyce Verificaion Test Suite Y N
(VERTS) Plan

HPEMSVERTS Y N
Stockpile Driver Vdidation Test | N N
Suite (VALTS) Plan

Xyce Forma Guiddines Y N
Document

Software Engineering

Software Engineering is the systemétic, disciplined, and quantifiable gpproach to the development,
operation, and support of software, i.e., the gpplication of engineering to software. Activitiesinclude the
fallowing:

Identification of alife cyde modd,
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Development (e.g., requirements, design, implementation, test, release),
Operation (e.g., execution on multiple platforms, regresson tests, V&V tests),
Support (e.g., change andysis, implementation, test, and release),
Measurement of product and process attributes,

Reviews and assessments of products and processes and

Training on software engineering activities.

The baance among activities, and the relationships with modeling and smulation, verification and
vaidation, and project management depends on many factors including the maturity of the software.
Software Engineering aso involves the gpplication of engineering principles, which address the following:

Customer stockpile certification problems,
Derivation of conceptua physics phenomena models, associated mathematical models, numerica
models and solution dgorithms

Project Management

Project Management is the systematic approach for balancing the project work to be done, resources
required, methods to be used, procedures to be followed, schedulesto be met, and the way that a
project is organized. Activitiesinclude: identification, andys's, and mitigation of project risks, controlling
requirement changes; planning for project tasks, schedule, and cost; tracking project progress and
datus, providing oversght of process improvement; and training project personnd in management
activities. These activities are described in detall in the HPEM S and Xyce Project Plans.

The philosophy of the HPEMSS project isto release early and release often. A release early, release
often philosophy is an iterative approach to software development and has the following benefits:

Risk reduction through demonstrable progress,

Progress measured in products, hot documentation or engineering estimates,
Continuous integration; and

Continuous end user involvemernt.

A quarterly release cycleis used and at the beginning of each quarter, the project sets gods and interna
team milestones for that quarter. Milestones are usudly in the form of added capability to the code. At
the end of each quarter, a code freeze occurs and arelease process, which includes afina build and test
for that release, is conducted. If afeature cannot be included for that quarterly release, the feature is not
included, but isatop priority for the next quarterly release.

Configuration Management

Configuration management activities are verson management, issue tracking, and rel ease management.
The Xyce Configuration Management Plan addresses these activities in detail. CV'S (Concurrent
Versons Sysem) is the primary tool used for verson and release management. Bugzillais the primary
issue-tracking toal. It isexpected that the HPEM S project will migrate to the Dimensions tool for issue
tracking and change management as time and resources dlow. As other tools and capabilities are
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developed for ASCI software engineering, it is aso anticipated the HPEMSS project will migrate to these
tools. These ectivities are described in detall in the Xyce Code Configuration Management Plan

Requirements Management

Customers are engaged in the requirements capture activities for the HPEM S project. Use case
techniques are used where gppropriate and where resources alow such an activity. Details of
requirement activities are in the Xyce Code Requirements Management Plan

Software Verification

The software verification activities for this V&V plan include methods to verify the software congtruction
from unit leve to integrated software component leve. Even scientific modd gpplication desgn and
requirement specifications, where gpplicable. All these activities use Smilar test suitesto achieve the
required confidence in the software implementation. Also included are MeasurementsMetrics, which is
the activity of collecting information for the characterization, understanding, and evauation of processes
and products. Metrics show how selected site-specific practices satisfy related attributes of specified
principles and consequently contribute to meeting the V&V program’ s godss of confidence in codes and
credibility in results. Only metrics that can be demonstrated to meet project and/or the V&V program’'s
goasare chosen. The Xyce Code Test Plan describes these processes in detall.

Verification Test Suite

The Veification Test Suite (VERTYS) isatest suite that is used for verification of the dectrica circuit
smulation codes currently being developed by the HPEM S code development team. It includes many
suitable test problems from the available literature. If analytical solutions are unavailable, atest problem
is created whose solution iswell known in the literature. Verification is the process of determining that
the equations implemented in the codes are solved correctly.

Acceptable performance of the smulation codes on the VERTS is the main factor that determines
whether the code is ready for vaidation sudies[ASCI V&V Guiddines]. The god of the software
verification processisto increase our confidence in the implementations of the required phenomena and
their numerical behavior. Thisincludes the mathematical equations needed to correctly solve the physics
and agorithms used by the code.

Structure and Construction of the VERTS

Mechanics, boundary conditions, congtitutive models, materia properties, initia conditions and e ement
topologies make up the test matrix. For the circuit modds, verification will consst of a series of test
problems that have known solutions for each component of the overall modd. This gpproach creates a
matrix of code modules versus test problems. Thistype of organization alows an andy< to easily verify
the modules of the developed code as they are modified. A preliminary version of an acceptance test
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plan is created, including a verification matrix relating requirements to the tests used to demondirate that
they are stisfied. The test problems are further refined into their tiers.

Tier | —testswith exact andytica solutions. These tests are designed to ensure that the basic
model device equations are functiona and are producing correct andytical results when compared
to hand calculations.

Tier 11 —testswith semi-andyticd solutions. These tests are semi-anayticad in nature. Hand
caculations of these circuits are too complex for areasonable evauation of circuit performance.
The results of these circuits are compared to experimentd data to ensure that performance,
accuracy and convergence criteriaare met.

Tier 111 —idedlized problems suitable for code comparison exercises. Thesetests are typicaly
complex subcircuits and large system circuits. These tests are designed to ensure that performance,
accuracy and convergence criteriaare met at the subcircuit and circuit leve. Tier 11l testsaredso
designed to ensure that multiple component circuits are functiond and are meseting performance,
accuracy and convergence criteria. Code comparison exercises are the main method for evauating
Tier 11 tests.

The gtructure of the VERTS is a building block structure smilar to the structure of the PIRT. As
mentioned in the discussion of the PIRT structure, dectricad systems are congtructed from many
independent components. In an eectrica system design, these components are assembled into
ubsystemns and the subsystems are assembled into systems. The VERTS is congtructed in asmilar
fashion. Tier | tests are based on single components and small (2-3 component) subsystems. Tier 2
tests are mostly subsystems, while Tier 3 tests are large subsystems (e.g. Radiation Hard Pentium Full
Multiplier Circuit, 88000 trangstors) and will eventudly include system level tests. While this structureis
suitable for basic assessment of the code under development, it isvita that the VERTS structure reflects
the requirements outlined by the PIRT for a particular tockpile driver. Specific VERTS will be
developed for each stockpile driver. Each will contain test cases from the globd VERTS aswell as
circuit netligs that assess gpecific model or smulation reguirements specified by the PIRT.

This gtructure for verification testing is advocated in the AIAA V&V Guide [AlIAA]. The dructure
reflects the critica importance of accurate assessment of coded execution of verification test problems.
The detalls of the test matrix can be found in the Xyce Veification Test Suite Plan. Thefollowing listis
the structure in the table of contents for the Xyce Verification Test Suite Plan and outlines the test
methods applied:

Tegting Approach
Unit Tegting
Regresson Testing
Test Suite Structure
Automated Regresson Testing
Manud Regresson Tegting
Comparison Techniques
Pass/Fail Criteria

User Acceptance Testing
Test Environment
Test Methods
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Hardware

Software

Programs and scripts

ParaSoft CodeWizard

Aprobe

Concurrent Versons System (CVS)

PV CS Dimensions Issue Tracking Data

Thetest matrix VERTS for thisV&V plan is presented in Appendix A. It was condructed in asimilar
fashion asthe PIRT. A Globa VERTS was congructed during the initia development of the HPEMS
circuit codes. The Xyce VERTS was extracted from the Globa VERTS to specificaly meet the
gockpile driver requirements of thisV&V Plan. The VERTS systematically identifies specific tests
required for the modeling and simulation needs of the stockpile driver.

Since Xyceis hot athree-dimensiona code, in the test matrix for the VERTS, the column |abeled “# of
nodes’ refersto the number of device terminas connected in the circuit, not the number of mesh analysis
nodes. For example, a diode has two terminals as does aresstor and a voltage source, o if these three
devices are connected in parald then the circuit contains two nodes. A SAND report will be released
Oct. 2001 for the HPEMS Verification Tier | Test Suite and revisons during FY 02 will include Tiers i
and 1. Currently the netlists contained in the verification test suite can be found at the following
location:

\\Wileycoyote\Elec Sm\V&V_ PlansVERTS\WWVERTS Netlists Tierl.doc

Thefallowing isan example of aTier | test circuit which uses Kirchoff’'s Law and the semiconductor
equations that describe the device mode and which areimplemented in the code. The test circuit and
results are used to verify the accuracy of the amulation code.

N-Channd JFET Cir cuit
khkkhkkhkkhkkkhkhhkkhkhkhhkkhkhhkhkhkhkhhkhkhhkhkhhkhhkhkhhkhkhkhhkkhkhhkhkhkhkhhkkhkhhkhkhkhhkkhkhhkhkkhkhkkhkhhkhkkkhkk,kkk,x%x%
* Tier No.: 1

* Directory/Circuit Name: NJFET/NJFET.cir

* Description:  Circuit netlist to test current-voltage characteristics of the n-channel JFETmodd.
* Input: VDD

* Qutput: I((VMON), V(3,2), V(2)

* Andyds

*For the self-biased NJFET circuit the generd dgebraic solution for the bias point is.

*ID = {[-B—-SQRT(B**2—-4*A*C)] / 2*A}

* Where,

* A=RS*2 = (600)**2 = 3.6E+5

*B=-{2*|VP}FRS+ (VP**2) / IDSS} = -{2* 4* 600 + 16/10.0E-3} =-6.4E+3
*C=VP*2=(-4)**2=16

* Therefore,

* D = {[-(-6.4E+3) — SQRT((-6.4E+3)**2 — 4* 3.6E+5* 16)] / 2* 3.6E+5} = 3.009mA
* VGS = ID*RS = 3.009E-3 * 600 = 1.806 V
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* VDS = |[VDD|-ID*(RD + RS) = 15— 3.009E-3 * (1.5k + 600) = 8.7V
* Note:

* IDSS=BETA * VP**2=6.25E-4 * (-4)**2=10.0E-3 A

* VP=VTO=-4V

* The drcuit smulation should yield the following outputs:

* [(VMON) = Drain Current Id=3mA

* V(3,2) = Drain-Source Voltage Vds=8.7V
* V(0,2) =Gate-Source Voltage Vgs=18V
RAR R R R b b R b R b R b R R b R b R b b b b b b b R b b R b R b b b b b b b SR b b b R b b b b b b b R b b b b b b b b R b b b b b b b b b b b b b b b b
VDD 40DC 15V

VMON 530

RD 45 1.5K

RS 20600

J302NJIET

.MODEL NJFET NJF BETA=6.25E-4 VTO=-4V

.DCVDD 15151

PRINT DC I(VMON) V(3,2) V(2,0)

.OPTIONS ACCT
.END
NJFET OUTPUT:
N-Channd JFET Circuit

DC transfer characteristic

Index voltage sweep vmon_branch V(3)-v(2) v(2)
VDD ID VDS VGS

0 1.500000E+01 3.009442E-03 8.680173E+00 1.805665E+00

VERTS Acceptance Metrics

The tolerance for the Regression Test Suite contained in the VERTS presented in Appendix A is, in
most cases, 2%. The 2 % tolerance comes from a comparison of basdline results with results from each
test. The basdine results are from a series of anaytica and numerica caculaions with an analys's of
each of the basdline results. Expert judgement on calculation results is dso used as an acceptance
metric. An automated program, named Compare, was written to andyze the Smulator’ s output for
discrepancies between the CV S repository smulation data and the current regression test suite output.
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A run_test_suite script compares the current output data to the expected output, or reference data. The
output data is organized in a collimated format. The first column contains the independent variable,
typicaly time or voltage. Successve columns contain important voltage or current values specified by
the input files print statement. For each independent variable vaue, there are corresponding dependent
values.

The column of vaues for each of the dependent variables defines how that variable varies as a function
of the independent variable. Idedlly, each of these functions matches the function defined by areference
run that has been determined by the Test Specidist to be ‘correct’. The compare program performs this
verification by comparing the reference and the current output and assuring that these functions are
identical to within a specified tolerance. The compare program dlows a tolerance to be specified in
both the independent and the dependent variables. Conceptudly this corresponds to taking plots of the
reference and current functions and making sure that these are coincident within a certain distance by
‘fattening’ one of them and making sure that the other lies within the faitened trace.

Asapractical matter, it isinsufficient to merely dlow for errors in the dependent variable because many
circuits have abrupt trangtions that can be dightly misstimed, but gill are correct within acceptable
tolerances. For this reason, the traces are fattened in both the directions of the independent variable as
well as the dependent varigble. The specific amount of fattening in each direction is currently a relative
amount of +/-2percentage. Thus for avaue of 1 volt in the reference plot, the test plot would need to lie
within the range 0.98-1.02 volts. For avaue of 0 volts in the reference plot, the test value would need
to be within 1 microvolt of zero because there is a minimum absolute tolerance of 1 microvolt or ampere
for values that are near zero. A trangtion like a fast risng edge would need to appear at a time within
that observed in the reference plot. Thus, a trangtion that occurs a 0.001 seconds would need to
occur in the range 0.00098-00102 seconds in order to pass the test.

The choice of +/-2percentage accuracy was based on a survey of the users, DP customers and
HPEMS team members al of whom use the code for andysis. There is a trade off between accuracy
and time to solution that can be controlled in the netligt if the user chooses to specify. For the default
value of the accuracy tolerances (which is what most users use) the accuracy is conggently within the
2% value.

Validation Plan

A building block gpproach is aso used for the vaidation effort of this stockpile driver. Again, eectrical
systems are constructed from many independent components. Characterization of each electrica
component is paramount in the overdl| vaidation plan. Vdidation efforts will be coordinated with efforts
such asthe War Reserve Commercid Off-The-Shelf (COTS) insertion process (WRCIP). The COTS
project has developed processes for modd validation and these processes will be used as part of this
gockpile driver V&V plan asthey mature.
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The methodology for vaidation of dectricd circuit modesis uncertain a this time because vaidationisa
process that electrical code developers and users are just beginning to define. However, certain
activities have been identified as vaidetion activities. These activities include

Gathering of experimenta test data at the component, subsystem and system levels,

Error estimation associated with experimenta test data,

Uncertainty quantification of model results and experimental test deta,

Comparison of experimenta test data and modd results a the component, subsystem and
system levels, and

Success metrics associated with the validation activities.

Vdidation is the quantitative and qualitative confrontation of code “predictions’ with “suitable’
experimental data [ Trucano]. Codes drive the experiments. Suitable experiments are not defined by
gods of scientific exploration. Certain experiments should push the code capability to the limit. Some
fraction of the experiments should aim to defeat the code so as to sharpen the boundaries of the region
of gpplicability of the code.

Thefollowing are questions that must be considered and answered through the validetion activities:

How do we quantitetively increase our confidence that a computer smulation correctly
represents the underlying conceptua models?

How do we quantitatively increase our confidence that a computer Smulation is an accurate
representation of the real word?

How do we messure confidence in our Smulations?

How do we quantitatively measure the risk associated with using computer models for our
customers?

How do we quantitatively ded with red uncertainties in our computationa modding?

Methodology

The fundamenta approach to vdidation involves identification, quantification and comparison of error
and uncertainty in the circuit model associated with the previoudy identified stockpile driver and
experimentd data. The vdideation of the stockpile driver identified in this V&V plan will apply a process
that includes vdidetion activities identified previoudy. Statistical methods, such as design of experiments,
will be used, where appropriate, to minimize the amount of required vaidation. A mode will be
vaidated when it reproduces empirical results within a set range of error tolerance.

Structure and Construction of the VALTS
The vdidation testing will use afour tiered gpproach. Thetiers are defined [Pilch] as

Tier | — Dedigned to explore the vdidity of the implemented modds by concentrating on
separable effects (or sngle phenomena).
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Tier Il — Desgned to explore the vaidity of the implemented models by concentrating on
coupled effects between didtinctly identified phenomena.

Tier 111 — Desgned to explore the vdidity of the implemented models by concentrating on
integral phenomend, in which many coupled effects may be present.

Tier IV — A “Cetification Experimentd Campaign” or confirmatory experimenta activity
should be planned for ng the readiness of the code for stockpile computing.

Each device-type mode category (eg. BJT) that requires vdidation islisted inthe PIRT in Table 1.
The subsystem level components which will be validated are the main logic board, Timer (FPGA) and
RF Deck. Theligt of unique device part numbers (eg. 2N2222) is classfied and will not beincluded in
this document. Each device and subsystem will be validated from —55C to 125C, for low-dose rate
radiation effects and for Printed Circuit Board (PCB) parasitic effects.

Four phenomena were identified in the PIRT for the stockpile driver addressed by thisV&V plan. The
phenomena are

Electrica device and subsystem performance in anomind environment,
Temperature effects on eectrical devices and subsystems,

Low-dose rate radiation effects on eectrica devices and subsystems, and
PCB parasitic effectsincluding mutua coupling and signd crosstalk.

Figure 3 illugrates how the PIRT links requirements to validation and verification activities.

Code Priorities
ASCI Teams

Experiments

Numerical capability

DP > > Numerical accuracy
PIRT requirements

Requirements

Verification Tests

Validation Tests

V&V  Other
Program Application
constraints

Decision info

FIGURE 3—-PIRT DRIVESVALIDATION REQUIREMENTS
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All individua components were lumped into the category, “Components’. Components include devices
such as trangstors, resistors, cagpacitors and PCBs. Details of individua component testing and
prioritization of such testing are presented in the Stockpile Driver Vdidation Test Suite document.
Subsystems are collections of components. For this document, subsystems for which this stockpile
driver is applicable were lumped into the category, “Subsystems.” Details of subsystem testing and
prioritization of such testing are presented in the Stockpile Driver Vdidation Test Suite document.

Potentia coupled effects between each of the four previoudy identified phenomena were identified.
These coupled effects are

Low-dose radiation effects and congtant temperature effectsin individua components,
Low-dose radiation effects and trangent temperature effects in individual components,
Subsystem functionaity and PCB parasitic effects,

PCB parasitic effects and subsystem constant temperature effects,

PCB parasitic effects and subsystem transient temperature effects,

Low-dose radiation effects and subsystem transient temperature effects,

L ow-dose radiation effects and subsystem congtant temperature effects,

Low-dose radiation effects and PCB parasitic effects,

Low-dose radiation effects, PCB paragitic effects and subsystem constant temperature effects,
Low-dose radiation effects, PCB parasitic effects and subsystem transient temperature effects.

All of the phenomena were categorized per the four tiered approach cited previoudy. The phenomena
aso were divided as to applicability to the component or subsystem level. This categorization is
presented in Appendix B.

VALTS Acceptance Metrics

Vadidation metrics beyond some of the Tier 1 activities are unclear at thistime. Validation metrics for
eectrical modeling and smulation are part of a process that dectricd code developers, experimentaists
and usars are just beginning to define. Product Specification requirements will be used to test and
vaidate the accuracy of each dectrica device and subsystem identified in the stockpile driver [W76-1
Timer (FPGA) and RF Deck]. At thistime, the Product Specifications have not been written and
therefore more detail concerning the VALTS metrics cannot be provided. Uncertainty quantification
techniques will be used to define such metrics.

Stockpile Computing Guidance

Stockpile computing guidance for eectrical modeling and smulation isinitsinfancy a Sandia Nationd
Laboratories. However, there are smilarities among the code efforts regarding stockpile computing
guidance in the following arees:

Code documentation,
Code theory guides,
Code configuration and platforms,
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Mode data sources, and
Modd archive and retrievd.

As dectrica modeding and smulation stockpile computing matures, the guidance will dso mature,
Recommendations from Lee [Leg] will be used to aid in the stockpile computing guidance maturation
process.

Circuit smulation has been performed for at least 20 years and SPICE was first made availablein the
late 1970s. A wedth of expertise in how to perform circuit smuletion is available in the literature.
Training classesin the use of commercid circuit Smulation codes are available. Training requirements
are part of our overal stockpile guidance effort and some level of expertise must be shown in order to
perform electrica modeling and smulation stockpile computing. As stated previoudy, the guidance of
eectrica modding and smulation stockpile caculations will mature as the capability matures.

A DP customer might be concerned with two factors for performing stockpile computing. Thefirgt
factor isthat the appropriate level of technica expertise be applied when performing stockpile
computing. The second factor is the specific congraints associated with the formality of the stockpile
problem that is being addressed by the code. [Filch] The HPEMS code, Xyce, can be used for
exploratory (design margin analyss) purposes and have few or no forma DP process congraints
associated with it. It also can be used as part of avery forma stockpile process (wegpon system
certification) and involve very rigorous DP process requirements and congraints. The use of Xyce for
the stockpile driver described in this plan is for design margin analyss of severd subsystems contained
inthe W76-1. Technicd expertise will be used to perform the following:

Proper problem definition (input)
Proper execution of Xyce, and
Proper analysis and accurate communication of results of the code gpplication.

Most of this guidance will come from the code team to assure proper technica use of the code. Other
forms of guidance provided by the code team includes.

Code documentation, such as User’s Guides and theory manuals,

Appropriate criteria for doing stockpile calculations (to be designated),

Minimum standards of user expertise for performing such calculations (to be defined),
Input and output ingpections,

Use of code execution and analys's environments (scripts, GUI’s, & other interfaces), and
Use of analysts to perform the required stockpile gpplication of the code.

The nature of dectrical modding and smulation on the circuit level dlows the creation of individua
component models and assembly of these modds into subsystem and system level models. Sandia
Nationa Laboratories has a collection of these models and associated test datain the SPUDS portion
of eCIS.

Development of circuit modelswill rely on the component models and associated test datain SPUDS,

and in anew mode development effort. Known “good” modds are crucid in raisng the confidence

level in the results of a stockpile caculation. Our guidance will include processes for use, submittal and
29



archiving of models and associated test datain SPUDS. Details of the processes are presented in the
Xyce Formd Guiddines Document (Figure 2).

Uncertainty quantification is dso another important area for raisng the stockpile computing confidence
level. For the stockpile driver identified in this plan, techniques such as * design of experiments’
caculations will be used in conjunction with tools such as DAKOTA (Desgn Andlyss Kit for
Optimization and Terascde Applications) to quantify uncertainty. The DAKOTA toolkit, developed at
SNL for ASCI applications use, provides aflexible, extensble interface between andys's codes and
iteration methods. DAKOTA contains agorithms for optimization with gradient and non-gradient based
methods, uncertainty quantification with sampling, andytic reiability, and sochadtic finite dement
methods, parameter estimation with nonlinear least squares methods, and sensitivity/primary effects
andysis with design of experiments and parameter study capabilities.
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Appendix A- Normal Environment Verification Test
Suite (VERTS)

NAME |Circuit Description TIER Sources |#Nodes|Analysis| Output

ABM_ABS |Test of ABM Absolute 1 |DCVoltage 5 |DC Voltage
Vaue Function

ABM_ACOS |Test of ABM Arccosine 1 |DCVoltage 4 |DC Voltage

ASIN and Arcsine Functions

ABM_ATAN_|Test of ABM Arctangent 1 |SneVoltage 4 |TRAN [|Voltage

TAN and Tangent Functions

ABM_EXPLN |Test of ABM Exp and 1 |PulssVoltage 4 |TRAN |Voltage
Natural Log Functions

ABM_HYP |Test of ABM Hyperbalic 1 |DCVoltage 15 |DC Voltage
Functions, .PARAM,
FUNC, IF Statements

ABM_LOG |Test of ABM Log Base 10 1 |PWL Voltage 5 |TRAN |Voltage
Function

ABM_SCT |Test of ABM Sine, Cosne 1 |DCVoltage 6 |DC Voltage
and Tangent Functions

ABM_SQRT |Test of ABM Square Root 1 |PWL Voltage 4 |TRAN |Voltage
Function

CAPACITOR |Test of Capacitor Model 1 |PulseCurrent 3 |TRANS |Voltage

CCCs Test of Current-Controlled 1 |DC Voltage, 4 |DC Voltage
Current Source Model and CCCS
Trandfer Function Andyss

CCvs Test of Current-Controlled 1 |DC Voltage, 5 |DC Voltage
V oltage Source Mode! CVCS

CLC Smple RLC Circuit 1 4 |TRANS |Voltage

DIFFPAIR Smple Differentid Pair 1 |Sne& DC 10 |TRANS |Voltage
Circuit Voltage

DIGITIZER  |Test of Lookup Table 1 |DCand Sne 4 |TRAN |Voltage
Functiondlity Voltage

DIODE Test of Diode Mode 1 |DCVoltage 4 |DC Current,

Voltage

IEXP Test of Exponentid Current 1 [IEXP 3 |TRANS |Current
Source Model

INDUCTOR |Test of Inductor Modd 1 [PulseVoltage 3 |TRANS |Voltage

IPULSE Test of Pulse Current 1 |IPULSE 3 |TRANS |Current
Source Model

IPWL Test of Piecewise Linear 1 [IPWL 3 |TRANS |Current
Current Source Model
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NAME |Circuit Description TIER | Sources | #Nodes|Analysis| Output
|SFFM Test of Single Frequency 1 |ISFFM 2 TRANS |Voltage
Current Source Model
ISIN Test of Sine Current Source 1 ISIN 3 TRANS  [Current
Model
ISWITCH Test of Current Controlled 1 DC Current 5 DC Current
Switch Model
MINDUCTORS |Test of Inductor Coupling 1 ACVoltage 8 AC Current
M odel
NJFET Test of N-Channel JFET Model 1 DC Voltage 5 DC Current,
Voltage
NL_RESISTOR |Test of .PARAM, .FUNC, IF 1 |DCVoltage 4 TRAN Voltage
Statements
NMESFET Test of N-Channel MESFET 1 DC Voltage 4 DC Current
Model
NMOS Test of N-Channel 1 |DCVoltage 6 DC Current,
MOSFET Mode Voltage
NPN Test of NPN Bipolar 1 |DCVoltage 6 DC Current,
Transistor Model Voltage
PIFET Test of P-Channel JFET 1 |DCVoltage 6 DC Current,
Model Voltage
PMOS Test of P-Channdd MOSFET| 1 |DC Voltage 5 DC Current,
Model Voltage
PNP Test of PNP Bipolar 1 |DCVoltage 8 DC Current
Transstor Model
RC Smple RC Circuit 1 |Puse& AC 3 TRANS |Current,
Voltage Voltage
RESISTOR |Test of Resistor Model 1 |DCVoltage 2 DC Current,
Voltage
SEMIC_CAP |Test of Semiconductor 1 [PulseVoltage 4 TRANS |Current,
ACITOR Capacitor Moddl Voltage
SEMIC_RES! |Test of Semiconductor 1 |DCVoltage 3 DC Current,
STOR Resistor Model Voltage
TFANALY  |Test of Transfer Function 1 |DCand Sne 7 TF Voltage
Andyss Voltage Gain, Input
and Output
Impedance
TRANSLINE |Test of Losdess 1 |PWL Voltage 4 TRAN |Voltage
Transmisson Line Modd
TRIODE Tedt of Lookup Table 1 |DCVoltage 3 DC Current
Functiondity SWEEP
VCCS Test of Voltage-Controlled 1 |DCVoltage 4 DC Voltage
Current Source Model
VCVS Test of Voltage-Controlled 1 |DCVoltage 5 DC Voltage
Voltage Source Model
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NAME |[Circuit Description TIER | Sources | #Nodes|Analysis| Output

VEXP Test of Exponentid Voltage| 1 |VEXP 2 TRAN |Voltage
Source Model

VPULSE Test of Pulse Voltage 1 |[(VPULSE 2 TRAN |Voltage
Source Model

VPWL Test of Piecewise Linear 1 |VPWL 2 TRAN |Voltage
Voltage Source Model

VSFFM Test of Single Frequency 1 |VSFFM 2 TRAN |Voltage
(FM) Voltage Source
Model

VSIN Test of SneVoltageSourcg 1 [VSIN 2 TRAN |Voltage

VSWITCH Tedt of Voltage-Controlled 1 |PWL &DC 5 TRAN |Voltage
Switch Modd Voltage

IN759 -55 |Test of TC Zener Modd a 2 |Puse& DC 5 TRAN |Resgtance
-55C Voltage, DC

Current

IRFF9130 Test of Power Mosfet 2 |PUseandDC| 17 |TRAN [Voltage
Model at 125C Voltage

MC3086 Transformer Circuit - Test 2 |Sne& DC 7 TRANS |Voltage
of PARAM Syntax Voltage

PULSE L OAD|Pulse Load Circuit - 2 |DC& Pulse 8 TRANS |Current,
Sandler Circuit Voltage Voltage

TEST1 Test of BSIM3 Modé 2 |DCVoltage 3 DC Current,
Implementation - NMOS Voltage

TEST10 Test of BSIM3 Modé 2 |DCVoltage 4 DC Current,
Implementation - PMOS Voltage
@100°

TEST11 Test of BSSIM3 Modé 2 |DCVoltage 5 DC Current,
Implementation - PMOS Voltage

TEST12 Test of BSIM3 Modé 2 |DCVoltage 6 DC Current,
Implementation - PMOS Voltage

TEST14 Test of BSIM3 Modéd 2 |DCVoltage 7 DC Current,
Implementation - PMOS Voltage
@100°

TEST3 Test of BSSIM3 Mode 2 |DCVoltage 8 DC Current,
Implementation - NMOS Voltage
@100°

TEST4 Test of BSIM3 Modé 2 |DCVoltage 9 DC Current,
Implementation - NMOS Voltage

TEST5 Test of BSSIM3 Modd 2 [(DCVoltage 10 |DC Current,
Implementation - NMOS Voltage
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NAME |[Circuit Description TIER | Sources | #Nodes|Analysis| Output

TEST6 Test of BSSIM3 Mode 2 |DCVoltage 11 |DC Current,
Implementation - NMOS Voltage
@-55°

TEST7 Test of BSIM3 Modéd 2 |DCVoltage 12 |DC Current,
Implementation - NMOS Voltage
@100°

TEST8 Test of BSIM3 Modé 2 |DCVoltage 13 |DC Current,
Implementation - PMOS Voltage

TEST9 Test of BSIM3 Modé 2 |DCVoltage 14 |DC Current,
Implementation - PMOS Voltage
@-55°

1N4733 Test of IN4733 Device - 3 |DC Current, 8 OPERAT |Voltage
Sandler Circuit Voltage ING PT

40490SC Test of 4049 HEX Buffer 3 |DCVoltage 6 TRANS |Voltage
Circuit - Sandler Circuit

BSIM1 Test of NMOSBSIM1 3 |DC Voltage 12 |DC Current
Implementation

BSIM2 Test of NMOS BSIM2 3 |DCVoltage 12 |DC Current
Implementation

COMPARAT |Test of BSIM3 Model 3 |Pulse& DC 15 |TRANS |Voltage

OR Implementation - One Bit Voltage
Comparator

GAIN Test of BSIM3 Mode 3 |[DC&AC 4 |AC Voltage
Implementation - Smple Voltage
MOSFET Gain Stage

HA26003 Test of HA2600 Op Amp 3 |DC& AC 22 |TRANS |Voltage
Supply Current Current and

Voltage

LM185 Test of LM185 Subcircuit 3 |DC Current 18 |DC Voltage

LM2901 Test of LM2901 3 |[DC& Sne 20 |TRANS |[Voltage
Comparator Voltage

LOAD Test of SmpleLoad Circuit| 3 |DC Current 19 |DC Voltage
- Sandler Circuit & Voltage

LTRA1 BJT Driver - 24InchLossy| 3 |DC& Pulse | ~200 [TRANS |Voltage
Line - Diode Ckt Voltage

LTRA2 Interconnect Smulation 3 |[DC& Pulse | ~300 |TRANS |Voltage

Voltage
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NAME Circuit Description TIER | Sources | #Nodes|Analysis| Output
LTRA3 BJT Driver - 20 Inch 3 DC& Pulse| ~300 | TRANS| Voltage
Coupled Line - Diode Ckt Voltage
MC2929 Tests Implementation of 3 | SneVoltage 7 TRANS | Voltage
PSpice compatible
Trandformer Moddl in
ChileSpice - aka Nonlinear
Coupled Inductor
MC2930 Tests Implementation of 3 | SneVoltage 6 TRANS | Vodltage
PSpice compatible
Transformer Moddl in
ChileSpice - aka Nonlinear
Coupled Inductor
MCNC_BJT _ BJT Inverter Circuit 3 Pulse & DC 12 TRANS | Voltage
BJTINV Voltage
MCNC_BJT_L| BJT Stic Latch Circuit 3 Puse & DC 13 TRANS | Voltage
ATCH Voltage
MCNC_BJT _ 741 Op Amp Circuit 3 |Sine AC,DC| 29 TRANS | Voltage
NAGLE Voltage
MCNC_BJT _ | Four Unity GanOp Amps| 3 Sne& DC 29 TRANS | Vodltage
OPAMPAL in Series Voltage
MCNC_BJT_ | RCA 3040 Wideband Op 3 Sne& DC 20 TRANS | Voltage
RCA Amp Voltage
MCNC_BJT_S ECL Compatible Schmitt 3 PWL & DC 9 TRANS | Voltage
CHMITECL Trigger Circuit
MCNC BJT _ Voltage Regulator 3 DC Voltage 20 DC Voltage
VREG
MCNC_MOS |CMOSClassAB OpAmp| 3 AC& DC 26 AC Voltage
2 AB_ AC Voltage
MCNC_MOS | CMOS Integrator Circuit 3 PWL & DC 28 TRANS | Voltage
2 AB INTEG Voltage
MCNC_MOS | MCNC CRAM Circuit 3 PWL & DC 25 TRANS | Voltage
2 CRAM Voltage
MCNC_MOS | MOSHip Hop Circuit 3 Puss& DC| ~100 | TRANS| Voltage
2 E1480 Voltage
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NAME |[Circuit Description TIER | Sources | #Nodes|Analysis| Output
MCNC_MOS |RCA 1310 Standard Cell 3 |Puse& DC 17 |TRANS |Voltage
2 G1310 Voltage
MCNC_MOS |MOSFET Diode Bridge 3 |Sne& DC 8 TRANS |Voltage
2 MOSRECT Voaltage
MCNC_MOS |8 Bit Multiplexer 3 |PWL Voltage| ~100 |TRANS |Voltage
2 MUX8
MCNC_MOS |Hybrid P Mode of 3.3V 3 |ACVoltage 16 |AC Voltage
2 REGO Regulator
MCNC_MOS |CMOS Schmitt Trigger 3 |DC Voltage 8 DC Voltage
2 SCHMITFA |w/Large Hysteress
ST
MCNC_MOS |CMOS Schmitt Trigger 3 |DCVoltage 8 DC Voltage
2 SCHMITSL (w/Smdl Hygeress
ow
MOS6INV MOSFET Invertor 3 |PWL&DC 21 |TRANS |Voltage

Voltage
MOSAMP2  |MOSFET Amplifier 3 |Pus& DC 22 |TRANS |Voltage
Voltage
MOSMEM MOSFET Memory Cdll 3 |Pulse& DC 10 |TRANS |Voltage
Voltage
ONESHOT |Test of BSIM3 Mode 3 |Pus& DC 15 |TRANS |Voltage
Implementation - One Shot Voltage
Trigger
OPAMP Test of BSIM3 Model 3 |DC& AC 11 |AC Voltage
Implementation - Op Amp Voltage
SCHMITT CD4093 Nand Schmidt 3 |[DC& Pulse 25 |TRANS |[Voltage
Trigger Circuit Voltage
TL431 TL431 Test Circuit - 3 |PulseCurrent) 16 |TRANS |Voltage
Sandler Circuit DC Voltage
UA741 Test of Behaviora Modd off 3 [DC Current, ~18 |TRANS [|Voltage
UA741 Op Amp Circuit - Voltage
Sandler Circuit
Fullmult2 Test of BSIM3 Model 3 |DC& Pulse [~308000(TRANS |Voltage
Implementation as Full Voltage
Multiplier section of
Radiation Hard Pentium
Processor
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Appendix B- Normal Environment Validation Test
Suite (VALTYS)

Experiment L evel Tier | Phenomena Comments
Component 1 Nomind Room Temperature, individud
component

Component 1 Thermd Transent temperature,

Component 1 Low-dose rate radiation Congtant temperature

Component 1 PCB paraditic effects

Subsystem 1 Nomina Room Temperature

Subsystem 1 Thermd Trandent temperature

Subsystem 1 Low-dose rate radiation

Subsystem 1 PCB parasitic effects

Component 2 Low-dose rate radiation & | Constant temperature
thermal

Component 2 Low-dose rate radiation & | Trandent thermd
thermal

Subsystem 2 Thermd & PCB paraditic Congtant temperature
effects

Subsystem 2 Thermd & PCB paradtic Trandent temperature
effects

Subsystem 2 Low-doserateradiation & | Congtant temperature
thermal

Subsystem 2 Low-doserateradiation & | Trangent thermd
thermal

Subsystem 2 Low-dose rate radiation &
PCB parasitic effects

Subsystem 3 Low-doserate radiation & | Constant temperature
PCB parasitic effects &
Therma

Subsystem 3 Low-doserateradiation & | Trangent thermd
PCB paragitic effects &
Thermd
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